Reported prevalence of vasculitic neuropathy (VN) in antineutrophil cytoplasmic antibody (ANCA)-associated vasculitis (AAV) is highly variable, and associations with other organ manifestations have not been studied systematically while accounting for diagnostic certainty of VN.
Epidemiologic data on the prevalence of vasculitic neuropathy (VN) in antineutrophil cytoplasmic antibody (ANCA)associated vasculitis (AAV) are contradictory due to heterogeneous recruitment strategies, VN assessments, sample sizes, and length of follow-up across studies. [1] [2] [3] [4] Furthermore, de novo neuropathies in the context of AAV are often inferred to be vasculitic without acknowledging the diagnostic uncertainty.
The Diagnostic and Classification criteria for primary systemic VASculitis (DCVAS) study is a large multinational observational case-control study including more than 6,800 patients. 5 Its primary goal is to define new diagnostic and classification criteria for the primary systemic vasculitides by a prospective analysis of the most discriminating features for each disorder. The DCVAS study captures all major organ systems affected by primary systemic vasculitic disorders including the central and the peripheral nervous system (PNS). As the world's largest prospective study of vasculitis and vasculitis mimics, DCVAS is best suited to answer epidemiologic questions on systemic VN.
In 2010, the Peripheral Nerve Society Guideline established case definitions for nonsystemic and systemic VN that were revised and adapted in 2017 by the Brighton Collaboration Vasculitic Peripheral Neuropathy Working Group into 3 definitions of VN with varying degrees of diagnostic certainty. 6 For this study, we developed VN criteria compatible with the DCVAS data set, adapted from the previously published criteria, which stratified for the level of certainty (definite, probable, or possible) of the vasculitic origin of the neuropathy. Using these criteria, our study aimed to describe the prevalence and organ associations of de novo VN in AAV at diagnosis within the DCVAS cohort.
Methods

Study design and patients
A detailed description of the DCVAS study can be found elsewhere. 5 In brief, 6,831 patients with a diagnosis of primary vasculitis or vasculitis mimics were recruited at 135 sites worldwide from January 2011 to August 2017. Primary vasculitides included but were not limited to polyarteritis nodosa, giant cell arteritis, Takayasu arteritis, and AAV. Baseline demographics, clinical features, radiography, EMG/nerve conduction study (NCS) findings, histology, and laboratory results were collected prospectively followed by a 6-month reevaluation for diagnostic certainty and completion of the Vasculitis Damage Index (VDI). 7 Patients were included within the first 2 years of diagnosis. Symptoms were recorded if starting at or after onset of vasculitis and judged to be caused by vasculitis. ANCA measurements were performed according to the local laboratory protocol at each center. All data entries were evaluated for accuracy and consistency, and participating centers were contacted in case of inconsistent or missing data. Diagnoses were confirmed by an expert panel after finalization of data entry. We extracted all patients from the DCVAS database with a diagnosis of AAV confirmed by the expert panel.
Standard protocol approvals, registrations, and patient consents
The study was approved by the Berkshire Research Ethics Committee (10/H505/19). The DCVAS study is listed in the ClinicalTrials.gov database (clinical trial identifier number: NCT01066208). All sites obtained any additional ethical and institutional approvals required for their jurisdiction. All patients signed an informed consent form.
Definition of organ involvement
In the DCVAS case report form (CRF), organ categories (general, musculoskeletal, skin, eyes, ear-nose-throat, chest/ pulmonary, cardiovascular, gastrointestinal [GI], genitourinary, and neurologic) were structured similar to the Birmingham Vasculitis Activity Scale. 8 An organ was defined as involved if any of the organ-specific findings characteristic of vasculitis was recorded. Organ-specific items from the VDI were also included. Renal involvement was defined as definite vasculitis in kidney biopsy, red cell casts in the urine, or 24hour urine protein concentration >1 g/L.
Definition of VN
The presence of neuropathy and its phenotype were determined by the investigator without further guidance by the CRF. Nerve biopsy was performed at the discretion of the treating physician. In the DCVAS CRF, all biopsy diagnoses were coded as normal, nondiagnostic, consistent with vasculitis but not definite, definite vasculitis, or unspecified tissue inflammation. Criteria for these findings were not further defined in the CRF and therefore at the discretion of the local pathologist.
VN was defined using 3, nonmutually exclusive items of the DCVAS CRF ("mononeuritis multiplex", "sensory neuropathy", and "motor neuropathy") occurring in the context of the diagnosis of AAV, the nerve histology diagnosis, and the Glossary AAV = ANCA-associated vasculitis; ANCA = antineutrophil cytoplasmic antibody; CRF = case report form; DCVAS = Diagnostic and Classification criteria for primary systemic VASculitis; EGPA = eosinophilic granulomatosis with polyangiitis; GI = gastrointestinal; GPA = granulomatosis with polyangiitis; MPA = microscopic polyangiitis; MPO = myeloperoxidase; NCS = nerve conduction study; PNS = peripheral nervous system; PR3 = proteinase-3; VDI = Vasculitis Damage Index; VN = vasculitic neuropathy.
"peripheral neuropathy" entry in the VDI (completed by the investigator 6 months after diagnosis). Because of the low rate of biopsy-proven VN diagnosis, we performed a subset analysis by stratifying VN according to its level of diagnostic certainty into definite, probable, or possible categories. Definite VN required "definite" vasculitis by nerve biopsy. For probable VN, we required: (1) nerve biopsy "consistent with vasculitis but not definite" AND "sensory" or "motor neuropathy"; OR (2) "mononeuritis multiplex". Possible VN was assumed if (1) "sensory neuropathy" without "diabetes mellitus" OR "motor neuropathy" was recorded in the CRF; OR (2) "peripheral neuropathy" was marked in the VDI.
Neuropathic phenotypes were classified as a multiple mononeuropathy (mononeuritis multiplex checked on CRF, with or without concomitant coding of sensory neuropathy and motor neuropathy), sensory neuropathy (only sensory neuropathy checked on the CRF), motor neuropathy (only motor neuropathy checked on the CRF), diffuse sensorimotor polyneuropathy (sensory and motor neuropathy but not mononeuritis multiplex checked on the CRF), or unspecified (appeared in the VDI but not the CRF). The sensorimotor vs sensory vs motor character of the multifocal neuropathies was not consistently detailed in the CRF, precluding an overall assessment of functional modality involvement. EMG/NCS confirmation was not required but performed in 153 (57%) VN cases. Neuropathy "due to radiculopathy" was excluded.
Statistical analysis
Categorical variables were calculated as frequencies and percentages. Continuous variables were calculated as mean with SD and medians with interquartile range. Logistic regression analyses were performed for all variables to determine confounding effects of age and sex. For categorical variables, between-group comparisons were calculated using chi-squared tests or Fisher exact tests; t tests or Mann-Whitney U tests were used to compare continuous variables. Multiple logistic regression was used to assess the combined effect of age, sex, myeloperoxidase-and proteinase-3 (PR3)-ANCA positivity on the associations of VN with other organ involvements. All data were analyzed with Stata/IC 14.1 (StataCorp).
Data availability
Raw data were not acquired as part of a clinical trial. Data from the DCVAS study used for analysis of this study are available from the corresponding author (T.D.) after consultation with the DCVAS steering committee on reasonable request. The data are not publicly available because of ethical restrictions.
Results
Patients
At databank closure in December 2017, 1,268 patients had a physician-submitted diagnosis of AAV (figure 1). Of these, 955 patients (mean age 57 years, range 18-91 years; 486 [51%] females) had the diagnosis confirmed by an expert panel and were included in the analysis. Of these, 572/955 patients were diagnosed as granulomatosis with polyangiitis (GPA), 165 patients as eosinophilic granulomatosis with polyangiitis (EGPA), and 218 patients as microscopic polyangiitis (MPA).
Vasculitic neuropathy
Clinical phenotype and biopsy data of patients with VN are summarized in table 1. VN was diagnosed in 28% (269/955) of patients and occurred more frequently in EGPA (65% of patients) than MPA (23%) and GPA (19%) (p < 0.001). Seven percent of patients had unspecified neuropathies extracted from the VDI (which was recorded at the 6-month follow-up visit) but not recorded in the initial CRF, suggesting that they evolved during the 6-month follow-up period.
In 57% (153/269) of patients, peripheral neuropathy was confirmed by EMG/NCS. Among these patients, 47% (72/ 153) had a multiple mononeuropathy, 32% (49/153) a sensorimotor neuropathy, 5% (7/153) a motor neuropathy, and 16% (25/153) a sensory neuropathy.
Nerve biopsies were performed in 31/269 (12%) of patients and showed definite vasculitis in 55%. Detailed biopsy results were infrequently recorded. In EGPA, 5/9 nerve biopsies showing definite vasculitis or findings consistent with vasculitis also contained prominent eosinophilic infiltrates. Other organ biopsies were performed in 97/149 patients with possible VN (organ and number of patients biopsied: kidney: 50, ear, nose and throat: 21, skin: 19, lung: 14, temporal artery: 2, intestine: 2, bone marrow: 2, bronchus: 2; liver, brain, muscle, lymph node, spleen, subglottis, parotis: 1 each, respectively; of note, some patients had more than 1 biopsy performed). The biopsy findings were reported as definite in 49/97 (51%) and consistent with but not diagnostic of vasculitis in 19/97 (20%) of patients (combined 70%, table 1).
Differences between patients with and without VN
Demographical and clinical characteristics stratified by AAV disease subtype and VN involvement are summarized in table 2. Adjusting for age and positive testing for MPO-or PR3-ANCA antibodies, logistic regression analyses demonstrated that women were more likely to have VN compared with men in patients with EGPA (OR 2.4, 95% CI 1-5.0, p = 0.022).
Differences in organ involvement between patients with and without VN are illustrated in figure 2 . Patients with VN more often had skin (p < 0.001), musculoskeletal (p < 0.001), and cardiovascular (p = 0.005) involvement (figure 2). Within the musculoskeletal category, VN was associated with skeletal muscle symptoms including muscle weakness, myalgia, muscle cramps, and muscle tenderness (p < 0.001). In contrast, patients with VN were reported as having less renal (p < 0.001), eye (p < 0.001), and GI involvement (p = 0.023). VN was not associated with multiorgan (>5 organs) involvement (p = 0.567). Although cardiovascular involvement was more frequent in patients with VN in the overall AAV group, this difference was not seen in any of the disease subgroups (table 2) .
When stratifying the patients into 2 categories by VN certainty (definite/probable VN and possible VN/no VN), the association with MPO-ANCA positivity (probable/definite VN: 50% vs none/possible VN: 34%, p = 0.001) remained unchanged. Further results of VN associations with organ involvement stratified by these 2 categories are shown in table 3.
Laboratory values detailed in table 2 did not differ between the 2 groups. CSF analyses were infrequently performed and demonstrated no significant differences between patients with and without VN: CSF pleocytosis was present in 2/25 patients with VN and in 1/12 patient without VN (p = 0.999), and elevated protein was found in 5/26 patients with VN and 2/12 patients without VN (p = 0.999), whereas oligoclonal bands were recorded in 2/15 patients with VN and 0/10 patients without VN (p = 0.500). Three of the patients with VN with abnormal CSF had CNS manifestations. One of the 2 patients with pleocytosis (who also had elevated protein) had a TIA and headache. Two additional patients with elevated protein had CNS involvement, one with pachymeningitis and the other with confusion and headache. The 2 patients with VN with positive oligoclonal bands were not reported to have CNS involvement.
Discussion
Within the DCVAS study, which is the largest prospectively studied patient population with AAV to date, we found that the PNS was frequently involved in AAV: the prevalence was 65% in EGPA, 23% in MPA, and 19% in GPA. Thus, de novo Whereas the frequency of VN in GPA and EGPA in the DCVAS cohort confirmed previous reports, the prevalence of VN in MPA (23%) was lower than reported in most retrospective analyses. 1 However, VN prevalence estimates from previously published smaller series in MPA have been highly variable, ranging from 7% to 58%. 1 The strength of the DCVAS study in comparison to previous reports is its large multinational scale and prospectively studied patient population, with the prevalence of peripheral nerve vasculitis being one of the study objectives. The inclusion of nearly 1,000 patients with AAV is likely to make the prevalence reported here a better estimate of the true prevalence rate.
The association of VN with cardiovascular involvement in this study is a novel finding. Possible genetic, epigenetic, and environmental factors leading to this potential association remain to be determined. Further studies are warranted to explain this unexpected finding.
In contrast to a previous large study on the associations of VN with other organ manifestations, we did not find an association of VN with multiorgan involvement (p = 0.567). Our finding that VN occurred less commonly when organs associated with increased mortality (except from cardiac involvement) were affected is in accordance with that study. In particular renal, pulmonary (GPA only) and GI tissues were less frequently affected in patients with VN. 4 We found an increased rate of musculoskeletal involvement, particularly myalgias and weakness in patients with VN (68%) compared with those without VN (55%). Muscle involvement in VN is often considered to be subclinical, but our data suggest that it may lead to clinical manifestations in the form of myalgias, muscle tenderness, or weakness in some patients. Alternatively, musculoskeletal pain and weakness might ensue from the VN itself. Our study confirmed the association of VN with skin and musculoskeletal involvement demonstrated in previous investigations. [9] [10] [11] [12] In line with previous studies, VN in EGPA in the DCVAS showed a strong association to the ANCA-positive EGPA subgroup, 2,13 which has been associated with renal and skin involvement. However, it remains unclear whether these 2 EGPA phenotypes based on ANCA status are 2 distinct entities or rather part of the same spectrum. It has been speculated that ANCA positivity might be a surrogate for a more diffuse, widespread vasculitic involvement, which would be supported by the association of peripheral nerve affection with the ANCA-positive group found in our study. 2, 14, 15 CSF findings were infrequently recorded and predominantly negative in the absence of CNS involvement. Studies of CSF abnormalities in systemic VN are sparse and, unlike the current investigation, uncontrolled. In the only larger series, which reported on 40 patients with MPA with VN, elevated CSF protein levels occurred in 34% of patients, 16 which was in accordance with findings in the DCVAS. The DCVAS data corroborate the Peripheral Nerve Society Guideline recommendation against routinely performing a lumbar puncture in patients with suspected VN without proximal or CNS involvement. 17 Another finding in our study was the low proportion of patients with AAV undergoing nerve biopsy (12%), and more than half of patients (56%) were classified as having "possible VN". Our data suggest that the majority of patients with systemic VN in routine clinical practice are not biopsied and hence evade ascertainment in biopsybased VN series. 18 In line with previous reports, 53% of nerve biopsies in our study demonstrated histologic evidence of vasculitis, supporting the value of nerve biopsy in case of diagnostic uncertainty. 1, 9 Furthermore, patients with a new onset peripheral neuropathy in the setting of an active AAV confirmed by either ANCA positivity or another organ biopsy have a high pretest probability for a positive result on nerve biopsy. However, if nerve biopsy is generally avoided to establish the vasculitic origin of a concomitant neuropathy in a patient with an AAV confirmed by non-PNS histology or ANCA positivity, 17 implementation of less certain clinical diagnostic criteria for VN is mandated, such as the Brighton or Peripheral Nerve Society consensus definitions. A major limitation of our study was the absence of a predefined algorithm adhering to published guidelines providing guidance to the study physicians on assessment for VN. The DCVAS study was not designed to assess the characteristics of PNS or other organ manifestations but to develop diagnostic and classification criteria.
However, investigators were advised to record neuropathic signs and symptoms only if they emerged concurrent with the vasculitic illness and were judged to be related to the AAV, excluding preexisting polyneuropathies. We therefore believe that the vast majority of neuropathies in this study had a vasculitic origin. The recording of neuropathy phenotypic characteristics was nonuniform, precluding a reliable tabulation of sensorimotor vs sensory and anatomic patterns.
Despite the efforts to balance ethnicity through global recruitment, there is a predominance of patients of Caucasian origin (;69%) in this study, precluding a generalization of the results to other ethnicities. Furthermore, differences in the sensitivity of the assays used for the measurement of ANCA at the participating centers might have affected the diagnostic accuracy and biased the results. However, diagnosis of AAV in the DCVAS study was not exclusively based on ANCA positivity but rather on the clinical syndrome and additional paraclinical findings.
In conclusion, the presence of such clinical features as MPO-ANCA positivity, diagnosis of EGPA, and skin, musculoskeletal or cardiovascular involvement may be used to identify patients at risk of neuropathy in those with a new diagnosis of AAV. The VN criteria developed for this study might be useful in future epidemiologic studies in systemic vasculitis lead by non-neurologists to improve the level of diagnostic certainty when nerve biopsy is not performed or inconclusive. Future studies of AAV-associated VN would also benefit from a more detailed compilation of the clinical characteristics of the neuropathy. In a patient with a clinical phenotype typical of VN, the value of other organ biopsies demonstrating active vasculitis to increase the diagnostic certainty of VN warrants further investigation and might inform future diagnostic guidelines for VN in systemic vasculitis. 
